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(b) accelerating in an upward direction.

between two bodies which is proportional to the product of their electric charges.
The electric charge of a body is not related to its inertial mass; so why
should we expect that a body’s gravitational mass (call it gravitational charge if
you like) be related to its inertial mass? All along we have assumed they were
the same. Why? Because no experiment—not even of high precision—has been
able to discern any measurable difference between inertial mass and gravita-
tional mass. This is another way to state the equivalence principle: gravitational
mass is equivalent to inertial mass.

The principle of equivalence can be used to show that light ought to be
deflected due to the gravitational force of a massive body. Consider another
thought experiment, in which an elevator is in free space where virtually no
gravity acts. If a light beam enters a hole in the side of the elevator, the
beam travels straight across the elevator and makes a spol on the opposite
side il the elevator is at rest (Fig. 33-13a). If the elevator is accelerating
upward, as in Fig. 33—13b, the light beam still travels straight across in a
reference frame at rest. In the upwardly accelerating elevator, however, the
beam is observed to curve downward. Why? Because during the time the light
travels from one side of the elevator to the other, the elevator is moving upward
al ever-increasing speed. Next we note that according to the equivalence principle,
an upwardly accelerating reference frame is equivalent to a downward gravitational
field. Hence, we can picture the curved light path in Fig. 33—-13b as being the effect
of a gravitational field. Thus, from the principle of equivalence, we expect gravity to
exert a force on a beam of light and to bend it out of a straight-line path!

That light is affected by gravity is an important prediction of Einstein’s
general theory of relativity. And it can be tested. The amount a light beam
would be deflected from a straight-line path must be small even when passing a
massive body. (For example, light near the Earth’s surface after traveling | km is
predicted to drop only about 107" m, which is equal to the diameter of a small
atom and not detectable.) The most massive body near us is the Sun, and it was
calculated that light from a distant star would be deflected by 1.75" of arc (tiny
but detectable) as it passed near the Sun (Fig. 33-14). However, such a
measurement could be made only during a total eclipse of the Sun, so that the
Sun’s tremendous brightness would not overwhelm the starlight passing near its
edge. An opportune eclipse occurred in 1919, and scientists journeved to the
South Atlantic to observe it. Their photos of stars around the Sun revealed
shifts in accordance with Einstein’s prediction.

If a light beam can follow a curved path, as discussed above, then perhaps
we can say that space itself is curved and that it is the gravitational mass that
causes the curvature. Indeed, the curvature of space—or rather, of four-
dimensional space-time—is a basic aspect of Einstein’s General Relativity (GR).

SECTION 33-4 General Relativity: Gravity and the Curvature of Space

FIGURE 33-13 (a) Light beam
goes straight across an elevalor not
accelerating. (b) The light beam
bends (exaggerated) in an elevator

FIGURE 33-14 (a) Three stars in
the skv. (b) If the light from one of
these stars passes very near the Sun,
whose gravity bends the rays. the star
will appear higher than it actually is.
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Space is curved
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